We have assessed the value of routine preoperative tests in asymptomatic patients and their influence on anaesthetic and surgical decisions. We studied 3131 ASA I and II patients from four general hospitals undergoing elective surgical procedures. A retrospective review of the medical records revealed that 853 (27%) patients had some abnormal test result, of which 465 (15%) were previously unknown and not suspected at the preanaesthetic visit; these comprised 8.6% chest radiographs, 5.6% electrocardiograms and biochemical tests, and 2.9% haematological tests. Perioperative management was altered in only 0.56-0.26% of patients, depending on the particular test. The present study confirms the need for selective and rational ordering of preoperative tests, the basis of which should be the clinical assessment during the preanaesthetic visit. {Br. J. Anaesth. 1995; 74: 250-256) 
Preoperative tests are performed either to determine the progress of a known disease or to detect unsuspected abnormalities that could alter anaesthetic and surgical management. The former is generally accepted, while there is often dispute about the latter indication. The routine ordering of preoperative laboratory tests is, however, common practice. Several studies have shown that in the absence of any clinical indication, the probability of finding a significant abnormality is small for laboratory tests [1^4], electrocardiography and chest radiography [5] [6] [7] [8] [9] [10] . In addition, unexpected abnormal results do not generally influence the surgical procedure [10] [11] [12] .
In contrast, it has been suggested that the clinical history and physical examination can adequately discriminate those healthy patients who are suitable for surgery, and preoperative tests may be chosen accordingly [8] [9] [10] [11] [12] [13] [14] . Macpherson, Snow and Lofgren [15] observed that most diagnostic tests ordered for other reasons during the year before surgery giving normal results could substitute for the preoperative tests.
The reasons why doctors continue to indiscriminately order preoperative tests are not totally clear [16] [17] [18] . They may believe that a clinical history and physical examination are insensitive and that preoperative tests may protect against medicolegal complaints.
Routine preoperative tests are not without risk and inconvenience to the patient, and increase the work of health care staff [10, 19, 20] . The costs are not negligible and this is an important factor in the annual increase in hospital budgets [1-3, 21, 22] . It has been estimated that a more discriminating use of laboratory tests could have a greater impact on medical expenditure than the control of high technology diagnostic tests [23] .
The objective of the present study was to assess the value of routine preoperative tests in patients classified as ASA I and II, undergoing surgery in general hospitals. Table 1 Number of patients according to the result of each type of preoperative test. ECG = electrocardiogram, PCV = packed cell volume, PT = prothrombin time, PTT = partial thromboplastin time, WBC = white blood cell count, DC = differential cell count, BUN = blood urea nitrogen, SGOT-SGPT = serum glutamic-oxaloacetic transaminase and serum glutamic-pyruvic transaminase, AP = alkaline phosphatase, GGT = y-glutamyltranspeptidase, Na/K = sodium and potassium. % Unexpected abnormalities = (number of patients with unknown and unsuspected abnormalities/total number of patients tested) x 100 Table 2 Proportion of normal results observed in 65 patients after repetition of preoperative tests because of uncertain or unexpected abnormalities. ECG = Electrocardiogram, PCV = packed cell volume, PT = prothrombin time, PTT = partial thromboplastin time, WBC = white blood cell count, DC = differential cell count, BUN = blood urea nitrogen, SGOT-SGPT = serum glutamic-oxaloacetic transaminase and serum glutamic-pyruvic transaminase, AP = alkaline phosphatase, GGT = y-glutamyltranspeptidase, Na/K = sodium and potassium (27) 27 (18) four hospitals was "stable coincidental disease without affecting general health" [24] , for example, mild obesity (> 120% ideal body weight), aged 70 yr or more, premature birth (< 38 weeks' gestation) and controlled hypertension. Patients with acute or unstable chronic respiratory disease were classified as ASA III. ASA I patients did not have any associated pathology. The ASA class was assigned by the anaesthetist in charge of each patient from the preanaesthetic visit, regardless of preoperative test results.
Information was collected by a single anaesthetist at each hospital. They had been trained to ensure uniformity of information review and evaluation of tests results and their consequences. Those cases where the information from the hospital records was ambiguous were evaluated by the research team and a consensus obtained. To ascertain the consistency of the data collection, the first 125 cases were reassessed by a second anaesthetist from the same hospital.
The collected data included age and sex, duration of stay, principal diagnosis, principal and secondary surgical procedures, anaesthetic technique, preanaesthetic visit and preoperative tests. The latter were included if they had been performed up to 6 months before the present admission. We considered the results of 18 tests: chest radiograph, electrocardiogram (ECG), packed cell volume (PCV), haemoglobin concentration, platelet count, prothrombin time (PT), partial thromboplastin time (PTT), white blood cell count (WBC) and differential cell count (DC), blood glucose concentration, blood urea nitrogen (BUN), serum creatinine, serum glutamic- Unknown suspected oxaloacetic transaminase and serum glutamicpyruvic transaminase (SGOT-SGPT), y-glutamyl transpeptidase (GGT), alkaline phosphatase, proteinogram, total protein, and sodium and potassium concentrations. We reviewed the results of the first batch of preoperative tests, or the results of the first repetition if they were re-ordered because of uncertain or unexpected findings. Results were classified as normal, uncertain or abnormal, the latter being classed as either known or unknown to the patient or anaesthetist at the preanaesthetic visit. Unknown abnormalities were classed also as suspected or not by the anaesthetist from the preanaesthetic visit. We considered a laboratory result as abnormal if it exceeded the normal range for that hospital. Abnormalities of chest radiograph or ECG were determined by the radiologist and cardiologist of each hospital, respectively. Abnormalities included any findings, whether of clinical significance or not, either current or old. We denned a preoperative test as unexpectedly abnormal when previously unknown and not suspected at the preanaesthetic visit.
Finally, we reviewed the influence of preoperative test results on anaesthetic and surgical decisions. We noted if the surgical or anaesthetic technique was changed, the operation delayed or a new medical consultation obtained.
The statistical analysis used the patient as the unit of study. Each preoperative test was presented as a percentage of patients with an unexpectedly abnormal result (unknown and unsuspected abnormality) in relation to the total number of patients tested. To describe the joint result of all preoperative tests or of all haematological or biochemical tests, each patient was classified according to the most important result (first = unknown abnormality, second = known abnormality, third = unclear, fourth = normal). Similarly, the influence of each preoperative test was described as a percentage of patients influenced by an unknown and unsuspected abnormality in relation to the total number of patients tested.
Results
The repeatability study gave a kappa index of agreement between observers of 0.6 for the classification of patients by the joint result of all preoperative tests. Kappa indices for the results of each test were: 0.7 for chest radiograph, 0.8 for ECG, 0.4 for total haematological tests and 0.8 for total biochemical tests.
The study sample comprised 3131 patients of whom 3106 (99%) had preoperative tests available and 3077 (98%) had a preanaesthetic visit. Study patients had a bimodal age of 5 and 38 yr (0-98 years), and 54 % were men. The majority of patients had undergone general surgery (36 %), traumatology (26%), gynaecology (12%) and paediatric surgery (9%), and had a median hospital stay of 4 (0-71) days. At the preanaesthetic visit, 70 % of patients were classified as ASA I: 4% received local anaesthesia (with sedation), 38 % regional anaesthesia, 55% general anaesthesia and 3% combined techniques (regional and general).
The preoperative tests included 2156 chest radiographs, 2406 ECG, 21310 haematological variables and 12414 biochemical variables. Abnormal results of any type were found in 853 patients of which 344 were already known (table 1). In the remaining 509 cases an unknown abnormality was detected and in 44 it had been suspected at the medical interview or preanaesthetic visit. Thus a preoperative test defined as unexpectedly abnormal was found in 465 (15%) patients. Most of these abnormalities were observed on the chest radiograph (8.6%) or ECG (5.6%); of the biochemical variables the greatest results were for glucose concentration (2.2 %) and GGT (3.2 %); none of the haematological test abnormalities exceeded 1%.
Only 65 patients required repeated tests to confirm uncertain or unexpected abnormalities. Overall they had 171 more tests, of which 18% were normal (table 2). The greatest proportions of normal repeated tests were for glucose, PT, PTT, PCV and haemoglobin.
Finally, we studied those patients whose anaesthetic and surgical management was influenced (table 3) . We found a change in management in 47 patients with known abnormalities (1.51%) and in 50 with unknown abnormalities (1.61 %), of which 38 were unsuspected at the preanaesthetic visit (1.22%). Of these, the anaesthetic technique was changed in four, the operation delayed in seven and a new medical consultation requested in 36. One patient with a chest radiograph classified as uncertain but not abnormal required a new medical consultation (patient not included in table 3).
The percentages of patients whose management was changed by each test were: chest radiograph 0.56%, ECG 0.46%, haematological tests 0.26% and biochemical tests 0.32% (table 3) . The unsuspected x-ray abnormalities which changed management were diverse (table 4), the main ones being abnormalities compatible with chronic obstructive pulmonary disease (COPD), mediastinal enlargement, lung nodules and cardiomegaly. ECG abnormalities included arrhythmias and repolarization disorders, conduction defects and ischaemic changes. Laboratory tests results were anaemia, thrombocytopenia and hyperglycaemia.
The reviewers considered that preoperative tests would have been necessary in 768 patients (25 % of all visited, fig. 1 ). Of these, the tests were abnormal Figure 1 Frequency tree of the assessment of results from the preanaesthetic visit and preoperative tests.
in 472 patients (61 %), of which 70 resulted in changes in management. Tests were considered unnecessary in the remaining 2309 patients; of these 249 (11 %) were unexpectedly abnormal, of which management was changed in 16 (three anaesthetic technique, two operation delays and 13 new medical consultations).
Discussion
In the present study, the chest radiograph showed abnormalities in 22.5% of patients which were unexpected in 8.6% and influenced subsequent management in only 0.56%. In previous studies, abnormality rates varied from 2.5% to 22% and from 0.6 % to 10 % for unexpected abnormalities [2, 6, 7, 11, 25] . The ACAPEM study [26] , for example, found abnormal radiographs in 6.2% of patients free of risk factors who were undergoing general or gastrointestinal surgery, of which only 0.1% had anaesthetic or surgical consequences, or both. The Royal College of Radiologists [9] showed, in 3154 patients undergoing non-acute, non-cardiopulmonary surgery, only small differences between the influence of abnormal and normal chest radiographs on the decision to operate (92 % vs 96.2 %) or on the decision to use inhalation anaesthesia (96.1 % vs 96.7%). Among the published results on the value of ECG [20] , Turnbull and Buck [11] found 16% abnormalities (known and unknown) in healthy patients undergoing cholecystectomy without any perioperative consequences. Adams, Weigelt and Poulos [2] described unexpected abnormalities in 8.3% of healthy patients, but they had no perioperative influence. In patients with pre-existing disease, the value was 9.5%, without any perioperative consequences. In our study we found 10.4% abnormal ECG; 5.6% were unexpected and only 0.46% changed perioperative management.
In our study haematological tests were assessed as having unexpectedly abnormal results in 2.9% of patients and in 0.26 % they influenced treatment. Adams, Weigelt and Poulos [2] found abnormal results in 2.9 % of healthy patients and in 4.6 % of patients with pre-existing disease, but in both there were no changes in management.
Biochemical tests were abnormal in 5.6% of our patients and in 0.32 % they changed management. Plasma glucose (2.2%), BUN (1.9%) and transaminase concentrations (1.9%) were the most common abnormalities. These results are comparable with previous studies [1, 3, 11] .
Differences in the study population, methodology and clinical practice hinder comparison of results between published studies [24] . Percentages calculated from a group of tests tend to be greater if the unit of measurement is the patient rather than the preoperative test itself, or if a greater number of independent tests are considered [14] . Our study involved a greater number of tests than previous studies. In addition, all abnormalities and changes in management, however trivial, were included in the analysis. For instance, in the chest radiograph we recorded small nodular or pleural calcifications, negligible pleural synechiae, calcifications of the nipple, etc. If abnormalities generated a new medical consultation without a direct effect on the operation we also considered it as an influence on the anaesthetic and surgical process.
The characteristics of our patients (asymptomatic and of low surgical risk) help to explain the low prevalence of unanticipated abnormalities. Our patients were generally healthy and thus unexpected abnormalities should not be encountered often. Few of the abnormalities resulted in a change in management.
Abnormal laboratory tests were defined in probabilistic terms based on the distribution of normal values. False-positive results would thus be expected even in healthy patients. The false-positive rate was not available for all tests, but 18% of patients with uncertain or unexpected abnormalities were normal on repeat testing. The false-positive rate was 41 % for blood glucose and 20% for PT and PTT estimations [21] . In four patients the mistaken positive results resulted in a new medical consultation.
The retrospective design of the study and the source of information might have affected the interpretation of our findings. Because our patients were selected retrospectively from the hospital register of surgical discharges we were not able to detect operations cancelled because of abnormal test results. However, such cancellations of surgical procedures were expected to be unusual events in ASA I and II patients. Consequently, their effect on our results would have been small. A prospective study of routine preoperative testing might have modified clinical practice and thus caused us to overestimate the value of the tests.
Although the results and decisions were reviewed in a consistent manner, medical records are not always accurate or complete, particularly in ascertaining the influence on surgical and anaesthetic practice of abnormal tests, and our results might be an underestimate.
Retrospective review suggested that 75% of patients would not have required any preoperative test, which is in agreement with previous work [1] . Turnbull and Buck [11] observed very few differences between the predictive value of screening tests and preoperative clinical history and physical examination. In those in whom preoperative tests were not justified on clinical grounds, we observed unexpected abnormalities of some type in 249 of 2309 (11 %) patients, of which 16 (0.69 %) influenced management. These results are similar to those of Kaplan and colleagues [1] who found 0.22% abnormalities with possible anaesthetic and surgical importance in patients where preoperative tests were not indicated on clinical grounds. Adams, Weigelt and Poulos [2] observed only a single healthy patient (0.95 %) whose abnormality was not predicted by the clinical history or physical examination and that had a perioperative influence.
In conclusion, this study showed that the value of routine preoperative tests to detect clinically unapparent abnormalities in ASA I and II patients is very small. Our study provides further evidence against the practice of systematic preoperative tests in these patients undergoing elective surgery. Instead, selective ordering of preoperative tests is necessary according to each clinical setting. We agree with most authors in recommending the preanaesthetic visit as the best method of assessing the anaesthetic and surgical risk of the patient and thus the basis for the rational performance of preoperative investigations [2-6, 8-14, 17, 19, 21, 25-31] . It would markedly improve the use of preoperative tests in terms of efficiency and effectiveness, with the patient and the health system in general as the main beneficiaries [19, 21, 28, 30, 31] . Changes in the preoperative organization of patient care, according to the cir-cumstances of each hospital, are essential in order to correct the indiscriminate ordering of preoperative tests by a complete preanaesthetic assessment [29, 32, 33] . Other local excision/destruction of lesion or tissue of skin/subcutaneous tissue 86. 4 Radical excision of skin lesion
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